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@ A passband-adjustable photo-detector for in- 
verse photoemission spectroscopy, in which an 
electron beam from an electron gun is applied 
onto a sample and a light reflected therefrom is 
converged, so as to effect photo-detection, 
wherein said photo-detector comprises a 
photo-electron multiplier, a LiF monocrystal 
window and a CaF 2 monocrystal window indivi- 
dually deposited with a KC£ thin film in the front 
of a photo-electron multiplier in the photo- 
detector, wherein said windows means are pro- 
vided for arbitrarily setting the temperature 
from the vicinity of liquid nitrogen temperature 
to the order of 150°C, a photo-electron multip- 
lier having a first dynode deposited a KCf thin 
film on a surface thereof. The output of the 
photo electron multiplier is connected with a 
pulse counter circuit through an amplifier, so as 
to measure anyone selected from the group 
consisting of light absorption property, window 
transmissibility and sensitivity as a bandpass 
filter. 
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The present invention relates to a passband-ad- 
justable photo-detector for inverse photoemission 
spectroscopy, which belongs \o technical fields of 
electron technology and photon technology and is 
used for a high resolution inverse photoemission 
spectroscope. 

A band bass filter type photo- detector for inverse 
photoemission spectroscopy is formed of a simple 
combination of low-cut and high- cut filters. In a re- 
cently developed photo- detector having the most ex- 
cellent property, as the low-cut filter, there is adopted 
a photoelectron multiplier which is provided with Cu- 
BeO deposited with KCf thin film on a surface thereof 
for the first dinode, while as the high-cut filter, there 
is adopted SrF 2 monocrystal window, in which a sen- 
sitivity property of central energy 9.40 eV and half val- 
ue width 0.47 eV as shown in Fig. 1 is employed. 

This bandpass filter type photo-detector is fea- 
tured in that the structure is simple and the operation- 
al stability is high. However, the obtainable resolution 
tnereof is no more than 0.47 eV at most 

The photoemission spectroscopy and the inverse 
photoemission spectroscopy are means for directly 
observing occupied and unoccupied electronic states 
of energy in material, respectively, and they have a 
complementary relation with each other. The present- 
ly standardized resolution of the photoemission spec- 
troscopy is in order of 0.3 eV. The investigation of oc- 
cupied and unoccupied electronic states of energy 
with the precision of the same order under the em- 
ployment of the photoemission and the inverse pho- 
toemission spectroscopies respectively is extremely 
desirable for the research of material. It is necessary 
for the realization thereof to narrow the bandwidth of 
the bandpass filter type photo-detector into the order 
of 0.3 eV. 

In general, when the higher resolution is sought, 
the detection sensitivity is lowered in accompaniment 
therewith. The matter is the same as to the bandpass 
filter type photo-detector. In case that the surface of 
the material to be measured is unstable in vacuum, an 
experiment in which signals should be accumulated 
for a long time is un practicable. In this case, it is re- 
quired to raise the detection sensitivity at the sacri- 
fice of the resolution. However, it is impossible to vary 
the passband of the conventional bandpass filter type 
photodetector during the experiment. Accordingly, for 
practising the high resolution it is necessary to pro- 
vide a measuring apparatus comprising two kinds of 
detectors, that is, a high resolution detector, even if 
the detection sensitivity is somewhat low, and a high 
sensitivity detector. 

Photoemission spectroscopy and inverse photo- 
emission spectroscopy provide information relating to 
occupied and unoccupied electronic states respec- 
tively, so that the whole aspect of electronic states of 
the material cannot be clarified until both of these are 
combined. The resolution of the conventional photo- 



emission spectroscopy is of the order of about 0.3 eV, 
while the resolution of the conventional inverse pho- 
toemission spectroscopy is of the order of about 0.5 
eV. Accordingly, for comparing and investigating re- 

5 spective data of both of these spectroscopies it is 
necessary to afford comparable resolutions thereto. 
The inverse photoemission spectroscopy is a method 
for clarifying the unoccupied electronic state of the 
material by taking notice of a certain single energy 

10 component of light emitted from the surface of the 
sample to which is applied a monochromatised elec- 
tron beam and by observing the intensity of the emit- 
ted light as a function of the energy of the electron 
beam. The energy width of the electron beam is de- 

15 fined by the expanse of thermoelectron in the elec- 
tron source and hence about 0.25 eV. On the other 
hand, the width of pass band of the bandpass filter 
type photodetector is about 0.47 eV at the least con- 
ventionally and has been improved into 0.35 eV by re- 

20 cent technical development. However, for obtaining 
resolution comparable with that of the photoemissiorl 
spectroscopy it is necessary to narrow the passband 
of the photodetector into the order of the electron 
beam width of 0.25 eV. 

25 In general, when the resolution is raised, the de- 

tection sensitivity is lowered. It is the same in the 
bandpass filter type photodetector for inverse photo- 
emission spectroscopy, so that, when the half value 
width of the detector is narrowed, the detection sen- 

30 sitivity is lowered and hence longer time is required 
for the measurement On the other hand, when the 
half value width is widened, the sensitivity is raised 
and hence the measurement is carried out in short 
time. In general, whether the resolution or the sensi- 

35 trvity is preferential, is decided by the limitation of the 
time required for the measurement and whether the 
material to be measured is stable or not in super high 
vacuum wherein the inverse photoemission spectro- 
scopy is effected. 

40 

Summary of the Invention 

The present invention is the technology for con- 
tinuously varying the resolution of the inverse photo- 

45 emission spectroscopy from a higher value than the 
conventional one, that is. in the same order as that of 
usual photoemission spectroscopy or higher than it, 
to a lower value, so as to necessarily exhibit a mighty 
power in the practical high resolution experiment 

so According to the present invention, it can be re- 

alized to select whether the aforesaid resolution or 
the sensitivity is preferential by electrically controlling 
the half value width of the bandpass filter without any 
change of the experimental apparatus during the ex- 

55 periment, so that it can be readily realized to remark- 
ably save the time required for the experiment and 
further to respond to the measurement of the material 
which does not suit with a long time measurement by 
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raising the sensitivity at the partial sacrifice of the re- 
solution, so as to exceedingly contribute to the re- 
search of material property. 

The present invention relate to a passband-ad- 
justable photo-detector for inverse photo emission 
spectroscopy, in which an electron beam from an 
electron gun is applied onto a sample and a light re- 
flected therefrom is converged into a photo- electron 
multiplier, so as to effect photo-detection, said photo- 
detector comprising a photo-electron multiplier, a LiF 
monocrystal window, and a CaF 2 monocrystal win- 
dow respectively deposited with KCf thin film being 
provided in the front of a photo-electron multiplier, 
wherein said windows are provided for arbitrarily set- 
ting the temperature from the approximate of liquid ni- 
trogen temperature to the order of 150°C, a first di- 
node deposited a KCf thin film on a surface of a first 
dinode of said photo-electron multiplier, wherein an 
output of said photo-electron multiplier is connected 
with a pulse counter circuit through an amplifier, so as 
to measure any one selected from the group consist- 
ing of light absorption property, the window transmis- 
sibility and the sensitivity as a bandpass filter for in- 
verse photoemission spectroscopy. 

The invention will be further described by way of 
example with reference to the accompanying draw- 
ings, in which:- 

Fig. 1 is a diagram showing a property of a con- 
ventional bandpass filter type photo-detector for 
inverse photoemission spectroscopy, as men- 
tioned before; 

Fig. 2 is an outlined diagram showing the princi- 
ple of a passband-adjustable photo-detector for 
inverse photoemission spectroscopy according 
to the present invention; 

Fig. 3 is a diagram showing a principal arrange- 
ment of an embodiment of the photo-detector ac- 
cording to the present invention; 
Fig. 4 is a diagram showing the energy depend- 
ency of transmissibility of the window in the pho- 
to-detector according to the present invention; 
Fig. 5 is a diagram showing a light absorption 
property of a KCf thin film in the photo- detector 
according to the present invention; 
Fig. 6 is a diagram showing a sensitivity property 
of a photo-electron multiplier deposited with a 
KCf thin film in the photo-detector according to 
the present invention; 

Fig. 7 is a diagram showing a property of the 
bandpass filter in the bandwidth adjustable pho- 
to-detector according to the present invention; 
Fig. 8 is a diagram showing a principal concrete 
arrangement of the photo-detector according to 
the present invention; 

Fig. 9A and 9B are diagrams showing tempera- 
ture dependency of absorption factor and trans- 
mission coefficient of photon energy at 74K. 
273K and 275K respectively; 



Fig. 10 is a diagram showing photoemission ab- 
sorption property of KCf deposited thin film at 
1000 A, 1500 A and 500 A in the photo-detector 
according to the present invention; 
5 Fig. 11 is a diagram showing a bandpass filter 

characteristic presenting asymmetric peak struc- 
ture of the combination of a CaF 2 monocrystal 
window and a KCf deposited first dinode of the 
photo-electron multiplier in the photo-detector 
10 according to the present invention; 

Fig. 12 is a diagram showing transmission prop- 
erty of a LiF monocrystal window deposited with 
KCf thin film in the photo-detector according to 
the present invention; 
15 Fig. 13 is a diagram showing transmission prop- 

erty of a LiF monocrystal window used for a sub- 
strate of a KCf deposited thin film in the photo- 
detector according to the present invention; and 
Fig. 14 is a diagram showing temperature de- 
20 pendency of a bandpass filter in the photo-detec- 

tor according to the present invention. 
Throughout different views of the drawings; 1 is 
an electron gun, 2 is an electron beam, 3 is a sample, 
4 is a reflected light, 5 is a converging mirror, 6 is a 
25 photo-detector, 7 is a LiF monocrystal window depos- 
ited with KCf thin film, 8 is liquid nitrogen, 9 is a crys- 
tal, 1 0 is a thermo-couple, 1 1 is a heater, 1 2 is a CaF 2 
monocrystal window deposited with KCf thin film, 13 
is a KCf thin film, 14 is a light, 15 is a photoelectron 
30 multiplier, and 16 is a first dinode. 

Description of the Preferred Embodiment 

The present invention is actually explained in de- 

35 tail with respect to the attached drawings. 

Fig. 2 shows an outlined principle of an inverse 
photoemission spectroscope, in which 1 is an elec- 
tron gun, 2 is an electron beam emitted therefrom, 
and 3 is a sample. The electron beam 2 emitted from 

40 the electron gun is applied on the sample 3. Light 4 
emitted from the sample 3 is converged by a converg- 
ing mirror 5, so as to irradiate a photo-detector 6. 

Fig. 3 shows an outlined principle of a passband 
width-adjustable photo-detector for inverse photoe- 

45 mission spectroscopy according to the present inven- 
tion. In Fig. 3, a principal structure of an inverse pho- 
toemission spectroscope comprised in the photo-de- 
tector as shown in Fig. 2 is illustrated. In Fig. 3, 7 is 
a LiF monocrystal window, on a surface of which a 

50 KCf thin film 13 is deposited with 100 A thickness, 
and a LiF monocrystal window 7 is refrigerated at the 
vicinity of liquid nitrogen temperature individually 
through cryostats 9, which accommodate liquid nitro- 
gen 8 and additionally comprise thermocouples 10 

55 and heaters 11, so as to provide temperature adjust- 
ing arrangement 

CaF 2 monocrystal 12 is supported with cryostats 
9 accommodated with a liquid nitrogen 8 as same as 
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in LiF monocrystal window and is attached a temper- 
ature regulated comprising with a thermo-couple 10 
and a heater 11. 

An incident light 14 shown in Fig. 3 is the same 
as an incident light projected into the photo-detector 
6 as shown in Fig. 2, it is applied on a first dinode 1 6, 
on a surface of which a KCf thin film is deposited at 
1 000 A thickness, of a photo-electron multiplier 1 5 of 
solar blind type (e.g. HTV:R-595), through the LiF 
monocrystal window 7 and the CaF 2 monocrystal win- 
dow 12 refrigerated at the vicinity of liquid nitrogen 
temperature. 

The incident light into the photo-detector 6 pass- 
es through two windows of a KCf thin film coated LiF 
monocrystal window 7 and a KCf thin film coated 
CaF 2 monocrystal window 12. 

A cutoff energy of the LiF monocrystal window 7 
is 12 eV at room temperature, while a cutoff energy 
of the CaF 2 monocrystal window 12 is 10 eV at room 
temperature. Consequently, as is apparent from the 
energy dependency of the transmission factor of 
these windows as shown in Fig. 4, the light having en- 
ergy more than about 10 eV cannot pass through 
these windows. 

As shown in Fig. 5, the KCf thin film has a light 
absorption property which presents mighty and sharp 
peaks approximately at 9.5 eV and 8.0 eV. This light 
absorption property is emphasized by refrigeration, 
and hence these peaks become further mighty and 
sharp. According to this effect, the same result as ob- 
tained by 150 A thickness at room temperature can be 
obtained by about 100 A thickness under the refriger- 
ation. In addition, the light absorption of KC? thin film 
at the vicinity of 9.8 eV is somewhat reduced at very 
low temperature from that at room temperature, so 
that such a condition as light transmission is ready at 
the vicinity of 9.8 eV just before the cutoff energy of 
CaF 2 monocrystal window, while said condition at the 
vicinity of 9.5 eV is difficult can be obtained. 

The incident light successively passing through 
LiF monocrystal window 7 and CaF 2 monocrystal win- 
dow 12 is applied on the photo-electron multiplier 15 
comprising the first dinode 1 6 of the photo-detector 6. 
The incident light is applied to the KCf thin film and 
the photoelectron is emitted from the surface of said 
thin film, and is amplified by the photo-electron mul- 
tiplier 15. As shown in Fig. 6, the photoemission of 
KCf thin film of 1000 A thick appears about at 8 eV 
and is suddenly increased at the vicinity of 9 eV. The 
combination of LiF monocrystal window 7 and CaF 2 
monocrystal window 12 provides a high cut filter hav- 
ing a bandpass structure at the vicinity of the cutoff 
energy of CaF 2 monocrystal window of about 10 eV, 
while the combination of the photo-electron multiplier 
15 and the first dinode 16 provides a low cut filter on 
the basis of high sensitivity in an energy range ex- 
ceeding the vicinity of 9 eV. 

Consequently, the combination of the photoeiec- 
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tron multiplier 15, the first dinode 16, the LiF mono- 
crystal window 7 and the CaF 2 monocrystal window 
1 2 provides a bandpass property having a peak at 9.8 
eV. The temperature of the CaF 2 monocrystal window 
5 can be varied from low temperature, that is, liquid ni- 
trogen temperature to high temperature, that is, 
about 150°C, and further can be maintained at arbi- 
trary temperature. The cutoff energy of CaF 2 mono- 
crystal window 12 is about 10 eV at room tempera- 
te? ture, and is shifted toward high energy side as the 
temperature is lowered, while toward low energy side 
as the temperature is raised. For instance, when the 
temperature is raised to 150°C, the cutoff energy is 
transferred to a low energy side of about 0.3 eV. The 
15 property on higher energy side of the bandpass filter 
type photoemission detector is defined by the cutoff 
property of CaF 2 monocrystal window 12, so that the 
bandwidth is varied by the temperature variation of 
the window 12. As shown in Fig. 7, the bandwidth of 
20 0.35 eV at room temperature is narrowered into about 
0.2 eV at 150°C. So that arbitrary bandwidth can be 
set in this temperature range. 

(Embodiment) 

25 

An actual example of the passband adjustable 
photo-detector for inverse photoemission spectro- 
scopy according to the present invention will be de- 
scribed hereinafter. 

30 The construction of photo-detector is shown in 

Fig. 8. Fig. 8 shows an example of actual arrange- 
ment of the photo-detector 6 as shown in Fig. 2, in 
which 14 is the incident light, 7 is a LiF monocrystal 
window deposited with KCf thin film in 100 Athick, 12 

35 is a CaF 2 monocrystal window, 1 5 is a photo-electron 
multiplier, 16 is a first dinode deposited with a KCf 
thin film in 1000 Athick, 17 is an amplifier connected 
with an output of the multiplier 15 and 18 is a pulse 
counter circuit. 

40 The photoemission property of CaF 2 monocrystal 

window presents a lowpass filter property. That is, 
the absorption coefficient is abruptly increased at the 
vicinity of 10 eV wherein the exciton absorption ap- 
pears, and, in a region exceeding such a cutoff ener- 

45 gy, the light transparency is lost, while, in a region be- 
low this cutoff energy, the CaF 2 monocrystaJ window 
presents almost flat light transparency. 

The cutoff energy is caused at the energy level 
wherein the exciton absorption appears, so that this 

so energy level is varied by the crystal temperature, in 
practice, this energy level wherein the exciton ab- 
sorption appears is varied as shown in Figs. 9A and 
9B, by the crystal temperature variation from liquid ni- 
trogen temperature (75K) to 375K. 

55 However, even in this case that the crystal tem- 

perature is varied, the transparency property in the 
energy region below the absorption limit is flat, so as 
to surely realize the variable cutoff lowpass filter. 

4 
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Next, the photo-detection property of the photo- 
electron multiplier 15 comprising the first dinode 16 
deposited a KCf thin film with 1000 A thick will be ex- 
plained. The first dinode 16 consists of CuBe-O and 
the photo-electron absorption property thereof pres- 
ents finite values in the vicinity of energy level of 
about 6 eV and, as a result, presents abrupt increase 
with the increase of photo-energy. This photo-elec- 
tron absorption property is varied by depositing a KCf 
thin film on the surface of the first dinode 16, while 
the property further abruptly increase together with 
the increase of photo-energy as shown in Fig. 10. This 
is because of the reflection of the photoelectron ab- 
sorption property of KCf thin film, which consists of 
an ion crystal being a proper insulator. So that, it re- 
sults that the KCf thin film is electrically charged by 
deriving photo-electrons therefrom. The photoelec- 
tron absorption is reduced by depositing too thick 
KCf thin film, and is reduced also by depositing too 
thin KCf thin film because of reduced contribution 
thereof, so that it is required to select the most suit- 
able thickness thereof. 

When the photo-electron absorption is measured 
as the increase of thickness of KCf thin film, it ap- 
pears that this absorption is almost simply increased 
until the vicinity of 1000 A thickness as shown in Fig. 
10, and represents the tendency of saturation with 
further increase of thickness. According to further de- 
tailed observation of film thickness dependency of 
the photo-electron absorption, it appears that the ab- 
sorption at the vicinity of 8 eV is reduced at the vicinity 
of 1000 A thickness. So that, it is possible to realize 
such a property that the photo-electron absorption is 
reduced at the vicinity of 8 eV and is suddenly in- 
creased over 9 eV by depositing KCf thin film of 1 000 
A thickness. 

The photo-electrons 19 emitted from the first di- 
node 16 are amplified by about 10 6 through plural 
electrode 20 for secondary electron multiplication 
and are collected by a collector 21. The intensity of 
collected electrons is observed by a pulse counter cir- 
cuit 18 after the amplification through an amplifier 17 
as a preamplifier. This property of photo-electron 
multiplier 15 represents the highpass filter property 
as to the photo-energy, so that the cutoff energy 
thereof is defined by the rise-up of the photo- electron 
absorption of KCf thin film so as to be at the vicinity 
of about 9 eV. 

According to the combination of CaF 2 monocrys- 
tal window 12 and the first dinode 16 of the photo- 
electron multiplier 15 on which KCf thin film is depos- 
ited, that is, the combination of lowpass and highpass 
filters, it is possible to realize the bandpass filter, the 
difference of respective cutoff energies of which fil- 
ters corresponds to the passband width. However, the 
practical characteristics does not represent an ideal 
step function as the filter property but only gradual 
variations in the vicinities of respective cutoff ener- 



gies, so that the obtainable bandpass characteristic 
represents an asymmetric peak structure on the ba- 
sis of reflections of respective rise- up properties, as 
shown in Fig. 11. 
5 The cutoff characteristic of the lowpass filter, 

which depends on the absorption of exciton, is sharp 
as to the good CaF 2 monocrystal window, while the 
cutoff characteristic of the highpass filter, which is 
formed of photo-electron absorption property reflect- 
to ing the interband transition of KCf thin film, is com- 
paratively gradual. So that, it is required for narrowing 
the half value width of the bandpass filter to improve 
the characteristics of the aforesaid highpass filter. Ac- 
cordingly, the LiF monocrystal window 7 deposited 
is with KCf thin film has entered on the stage. 

The transmission property of KCf thin film repre- 
sents sharp exciton absorption at the vicinity of 9.5 
eV, the energy level of which is somewhat lower than 
the cutoff of low pass filter and corresponds to the 
20 cutoff of highpass filter as shown in Fig. 12. 

An improved highpass filter can be realized by 
combining the KCf thin film with the first dinode 16 
of the aforesaid photo-electron multiplier 15. On the 
other hand, LiF monocrystal window 7 is transparent 
25 below the vicinity of 11 eV and hence can be used as 
the substrate for depositing KCf thin film. According- 
ly, a bandpass filter property having central energy 
9.9 eV and half value width 0.37 eV as shown in Fig. 
13 can be realized by combining these three ele- 
30 ments. 

CaF 2 monocrystal window 12 represents almost 
ideal lowpass filter property, the cutoff of which is de- 
fined by the crystal temperature. When CaF 2 mono- 
crystal window 12 is refrigerated toward low temper- 
as ature of 74 K, the cutoff energy is shifted toward high 
energy side, while, when it is heated at high temper- 
ature, the cutoff energy is shifted toward low energy 
side, as it is apparent from Figs. 9A and 9B. Accord- 
ingly, the property of bandpass filter represents the 
40 variation of property, which corresponds to the varia- 
tion of high energy cutoff. When CaF 2 monocrystal 
window 12 is heated at high temperature of about 375 
K, the bandwidth is increased, while, when it is refri- 
gerated at low temperature of 47 K, the bandwidth is 
45 reduced, as shown in Fig. 14. In addition to the vari- 
ation of bandwidth, the variation of central energy lev- 
el is also caused. However, the usage for measuring 
inverse photoemission spectroscopy can be made 
possible by the calibration as a function of tempera- 
so ture. 

The deterioration of measurement sensitivity is 
unavoidably caused by the measurement with high 
resolution, so that much more time than that with usu- 
al resolution is required. In the practical measure- 
55 ment, although the measurement with high resolution 
is preferable, it is required to raise the sensitivity at a 
certain sacrifice of the resolution in relation to meas- 
urement time duration, and hence the bandwidth ad- 
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justable photo-detector 6 according to the present in- 
vention becomes useful. This photo-detector 6 is 
made applicable by the previous calibration. This 
means that a novel property can be obtained by ad- 
ditionally providing a temperature adjustable struc- 5 
ture such as a thermo-couple 10 and a heater 11 as 
shown in Fig. 3 in the same structure as the photo- 
detector 6 afforded with high resolution by utilizing a 
window deposited with KCf thin film. 

The same property can be theoretically obtained 10 
by directly depositing KCf thin film on the monocrys- 
tal window 12 also. However, under the condition 
such as the temperature adjustable structure is addi- 
tionally provided so as to be heated, the possibility in 
that the reaction between KCf thin film and CaF 2 15 
monocrystal window causes trouble is high. So that 
it is preferable to dare to provide LiF monocrystal win- 
dow 7 for the substrate of KCf thin film. 

According to the present invention, the band- 
width of the bandpass filter used for the photo-detec- 20 
tor can be continuously varied from conventional 
bandwidth 0.35 eV to narrow bandwidth 0.2 eV only 
by a simple method of heating the crystal of window 
in the bandpass filter. On the contrary, the bandwidth 
can be widened by the refrigeration, so that particu- 25 
larly widened bandwidth of about 0.9 eV can be at- 
tained at liquid nitrogen temperature. The wider the 
bandwidth is, the higher the detection sensitivity is, 
while the sensitivity is reduced with the narrow band- 
width. The case that all materials should be measured 30 
with high resolution and long time expense is rare, 
while particular materials, for instance organic mate- 
rials and materials having unstable surfaces should 
be measured in time duration being as short as pos- 
sible. Furthermore, there is a certain case that the 35 
whole of the same sample is measured with low reso- 
lution and only a part thereof should be measured 
with high resolution. However, the photo- detector ac- 
cording to the present invention is efficient, because 
the resolution of the detector can be optionally set al- 40 
though setting range is restricted. The present inven- 
tion has an industrial merit such that the measure- 
ment which conventionally necessitates plural appa- 
ratus in the prior art can be effected only by one ap- 
paratus according to the present invention. 45 

In the bandpass filter type photo-detector for in- 
verse photoemission spectroscopy of the present in- 
vention, CaF 2 monocrystal window is used for high 
cut filter, while for low cut filter there is used the pho- 
to-electron multiplier having a sufficient sensitivity in 50 
an energy region exceeding that of vacuum ultra-vio- 
let ray. In addition to this fundamental arrangement, 
for improving the performance thereof, the low ener- 
gy side performance of the bandpass filter is im- 
proved by depositing KCf thin film on LiF monocrys- 55 
tal window 7 and CaF 2 monocrystal window 12 in the 
light transmission region, so as to utilize the absorp- 
tion property inherent to KCf thin film. Furthermore, 
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a sensitivity raising material, that is, usually KCf thin 
film is deposited on the photoemissive surface of the 
photo-electron multiplier. The present invention is 
featured in that, in view of the temperature depend- 
ency of light absorption property of CaF 2 monocrystaJ 
window and KCf thin film, the optionally setting of 
passband width can be realized together with the im- 
provement of bandpass width and sensitivity. 

As to the light absorption property of KCf thin 
film, as shown in Fig. 5, the absorption in the vicinity 
of 9.5 eV at low temperature is sharply increased and 
the absorption in the vicinity of 9.8 eV in bandpass re- 
gion is reduced, so as to facilitate the light transmis- 
sion. According to the increase of absorption at low 
temperature, the same absorption can be obtained 
through more thin film. For instance, it is possible to 
reduce from the film thickness of necessitating 1 50 A 
at room temperature (in the prior art) into the order of 
100 A according to the present invention, and hence 
to facilitate the light transmission within the bandpass 
region. 

The temperature dependency of cutoff energy of 
CaF 2 monocrystal window is shifted toward low ener- 
gy side at high temperature, while shifted toward high 
energy side at low temperature. The sharpness of ab- 
sorption and the variation of transmissibility in trans- 
missible region are negligibly small. As it is apparent 
from Fig. 7, the bandwidth can be optionally set by the 
temperature control of CaF 2 monocrystal window, so 
as to facilitate the aimed measurement. 

This bandwidth adjustable structure can be ap- 
plied also on the bandpass filter type photo-detector 
employing other than CaF 2 monocrystal window, that 
is, anyone selected among SrF 2 , MgF 2 and LiF mono- 
crystal windows as high cut filter. 

Of course, although the various elements of the 
two monocrystal windows and the three thin film 
coatings advantageously work together in the illu- 
strated embodiment, it is possible to use them sepa- 
rately or in sub-combination where their individual im- 
provements are wanted. 

Further, it is possible to practice the invention by 
replacing the substances mentioned above with oth- 
ers having the same optical characteristic. 

Claims 

1. A passband-adjustable photo-detector for in- 
verse photoemission spectroscopy, in which an 
electron beam (2) from an electron gun (1) is ap- 
plied onto a sample (3) and light (4) reflected 
therefrom is converged into a photo-electron 
multiplier (6), so as to effect photo-detection, said 
photo-detector (2) comprising, a photoelectron 
multiplier (16), an adjustable high cut optical filter 
(12), a photo-electric multiplier (15). means for 
providing a low cut optical characteristic and con- 
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trol means (8-11) for controlling the high cut opt- 
ical filter characteristic to control the passband. 

2. A passband-adjustable photo-detector according 

to claim 1 , wherein the adjustable high cut optical 5 
filter (12) has a temperature dependent high cut 
optical f rltercharacteristic, said control means (8- 
11) comprising means for controlling the temper- 
ature of the filter (12). 



3. A passband-adjustable photo-detector according 
to claim 2, wherein the temperature is controlla- 
ble from about liquid nitrogen temperature to a 
temperature of the order of 150°C. 

4. A passband-adjustable photo-detector according 
to claim 2 or 3, wherein the adjustable high cut 
optical filter (12) is a metal fluoride monocrystal 
window. 

5. A passband-adjustable photo-detector according 
to claim 4, wherein the metal is an alkali or alkali 
earth metal, e.g. SrF 2 , MgF 2 or UF, preferably of 
CaF 2 . 



10 



15 



20 



25 



A passband-adjustable photo-detector according 
to claim 1, 2, 3, 4 or 5, wherein the photoelectric 
multiplier (15) has a KCL thin film deposited 
thereon as the means to provide the low cut char- 
acteristic, 30 

A passband-adjustable photo-detector according 
to any one of the preceding claims, wherein the 
high cut optical filter (12) has a KCL film depos- 
ited thereon. 35 

A passband-adjustable photo-detector according 
to any one of the preceding claims, further com- 
prising a second optical filter formed by a LiF 
monocrystal window (7) carrying a KCL film 40 
thereon. 

A passband-adjustable photo-detector according 
to any one of the preceding claims, wherein an 
output of said photo-electron multiplier is con- 45 
nected with a pulse countercircu it through an am- 
plifier, so as to measure any one of: the light ab- 
sorption property, the window transmissibility 
and the sensitivity as a bandpass filter for inverse 
photoemission spectroscopy. so 
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